ABSTRACT: Different services have different values for their different properties (functional and non-functional
Introduction
Service Oriented Architecture (SOA) is becoming a widespread solution for realizing distributed applications such as e-business and enterprise systems via web services. Web services in SOA are autonomous entities which are published, located, and accessed through messages encoded as per the XML-based standards (Erl, 2005; ) . Service providers describe their services using Web Service Description Language (WSDL) and publish them in a central repository. Service consumers invoke these services (Erl, 2015) .
A service has certain functional aspects and certain nonfunctional aspects. The functional properties of a service are derived from its functional aspects which are the overall number of functionalities (operations) that it provides and how many times it has been invoked by the consumers. These properties are based on its WSDL document. The non-functional properties capture the non-functional aspects (QoS) of services (Choi & Kim, 2008 ; Gebhart, 2013; Senivongse et al., 2010) . There are various nonfunctional properties (QoS) of services such as throughput, latency, response time, reliability, availability etc (Balfagih, 2009 ; Kim & Lee, 2005; Kim et al., 2010) . A consumer has certain preferences for each of these properties for a service. Therefore, in this paper, following aspects are collectively considered while proposing the service selection model.
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2) A consumer has certain preferences for each of these properties.
First, consider functional properties of services. A consumer search for a service having functionality for e.g., 'weather prediction'. There may be many services which provides this functionality but varies in the spectrum of overall provided functionalities. These services are known as alternate services. For example, some service predicts weather 'by city' and 'for a particular date', some service predicts weather 'by city and for a particular whole week and some service predicts weather 'by city' and 'gives related warnings'. Among these alternate web services, there are some which offer a wide spectrum of functionalities and some offers less. Furthermore, within these, there are some services which are frequently used and some are not. In this way, with respect to the values of these functional properties, services have relative priorities over each other. A consumer may have different preferences for both of these functional properties i.e. there may be a consumer who does not want bulky service but most frequently used service. Now, consider non-functional properties of services. A consumer requests for a service which fulfills the desired non-functional properties. Some services have low values for some property and some have high. In this way, for non-functional properties also each service has a relative priority over another. Essentially, consumers have incomplete and imprecise preferences for different nonfunctional properties and therefore, it becomes hard to quantify these preferences especially the importance of preferences. Such vague preferences may lead to selection of a non-optimal service as it may lead to selection of a service with non-desired values for its different properties. Therefore, it becomes inevitable to consider both actual values of properties and consumer's preferences.
From the aforementioned, optimal service selection is a complex decision problem. Hence in this context, fuzzy logic is used to provide a solution for this multi-criteria selection problem. Fuzzy set theory is used in handling the approximation and uncertainty in making decisions which bears a resemblance to human reasoning (Dijkman et al., 1983; Zadeh, 1997; Zimmermann, 2011 Xiong & Fan, 2007) . Existing approaches lack the study of consumer's preferences which are uncertain for properties with respect to other properties. This uncertainty in turn can impact the determination of ranks of services for the consumer, for example, when a consumer is not certain that whether a property A is of more priority for her/him than property B. To overcome the limitations of the existing research, the proposed model uses fuzzy extended AHP. This method has various processes such as decomposition, pairwise comparisons, priority weights generation and ranking processes (Chang,1996; Chen et al., 1982; Saaty, 1980) . It handles multiple criteria with relative ease and is easier to understand as it does not involve cumbersome arithmetic. In the method, the expert's knowledge for the preferences is used in the selection process, but in this paper, this is replaced by the priority of the services based on their actual values for each property.
There are research works which have integrated both functional and non-functional requirements in a software development process using Fuzzy AHP methodology (Dabbagh & Lee, 2014; Dabbagh et al., 2016; Khan, 2016; Mansoor et al., 2015) . In this paper, the proposed model also considers both functional as well as non-functional properties of services while selecting a service for the consumer. In the model, a consumer while making a service request provides the required functionality, fuzzy preferences (such as weakly more important, strongly more important, equally important etc.) for non-functional properties and linguistic preferences (such low, medium etc.) for the functional properties.
The research contributions of the paper for service selection are as follows: 1) Fuzzy priority weights computation of services based on their actual values of the functional properties and consumer's preferences for these properties. Weighted Sum Method is used to compute priority weights of the service for both of these aspects.
2) Fuzzy priority weights computation of services based on their actual values of non-functional properties and consumer's preferences for these properties: Fuzzy extended AHP is used for both of these aspects.
3) Functional & Non-functional aware fuzzy ranking of services: Aggregation of both functional and non-functional priority weights is done to provide the optimal service for the consumer.
The research intends not to miss (due to the vague preferences) an optimal service which may be best suited service for the consumer. In this way, the proposed model assists in service selection to bring essential benefits for the service consumers.
The remainder of the paper is organized as follows. The basic terminologies are discussed in Section 2. The proposed model is introduced in Section 3. Experiments and Results are explained in Section 4 to illustrate the proposed model. Section 5 examines the sensitivity analysis of the proposed model. Finally, the paper is concluded in Section 6.
Definitions
Definition 1: (Pedrycz & Gomide, 1998) A fuzzy set F is defined as a set of ordered pairs in the form {(p, μF 
point (f 2 , 1) as the vertex. Therefore, the real numbers f 1 , f 2 , f 3 together defines the triangular fuzzy number and is denoted as (f 1 , f 2 , f 3 ). 
where f ij
is the triangular fuzzy number representing the fuzzy relative consumer's preference for alternatives A i and A j . 
Proposed Model
A service consumer sends the request for a required functionality along with preferences for the functional and non-functional properties via a user interface. Services are stored in the service repository as per their functionality (basic). For example, weather prediction and zipcode search services are stored in separate groups. However, there may be more than one service which predicts weather or finds zipcode with different functional and nonfunctional properties. WSDL documents of the services are stored along with their functional and non-functional properties in the service repository. The service repository is searched for the required functionality. The services which match the required functionality are termed as alternate services. The values of non-functional properties of each alternate service relative to each other are converted to triangular fuzzy numbers. The Fuzzy Extended AHP (FEAHP Module) uses these numbers and the consumers preferences for non-functional properties and computes their corresponding priority weights. The output from this module is all the alternate services with their priority weights with respect to the non-functional properties. The linguistic consumer's preferences of functional properties are converted to crisp fuzzy values. These are used together with the values of functional properties of each alternate service in the Weighted Sum Model (WS Module). The output from this module is all the alternate services with their priority weights with respect to the functional properties. Finally, priority weights for both properties are aggregated to select the optimal service for the service consumer. The proposed model is depicted in Figure 1 .
Fuzzy AHP methods are systematic approaches to the alternative selection by using the concepts of hierarchical structure analysis and fuzzy set theory. The hierarchical structure for the goal to select optimal service has different levels which include alternate services and the properties (Functional and Non-functional) are shown in Figure 2 .
The non-functional properties of the alternate services are handled using Fuzzy extended AHP (FEAHP) method while functional properties are handled using Weighted Sum Method (WSM). a) First, non-functional properties are discussed which uses Fuzzy set theory to help the decision makers to make interval judgments than fixed value judgments which they usually find more confident to give. The linguistic consumers preferences of each non-functional property are converted into triangular fuzzy numbers. This will provide the importance of each non-functional property. These are represented in triangular fuzzy scale as presented in Table 1 Table 2 .
Linguistic Scale
FEAP method considers the extent to which an object Table 3 . Priority weights for the Functional Properties
can satisfy the goal. In this method the extent is quantified using triangular fuzzy number. The normalized weight vectors of all the fuzzy comparison matrices are aggregated to obtain priority weights of the alternate services as per their non-functional properties.
b) Now, functional properties are discussed. In this paper, Weighted Sum Method (WSM) is used to deal these properties. The consumer's preferences and the actual values of each functional property are considered to compute priority weights of the alternate services. The consumer's preferences for each property provided by the user interface are assigned priority weights as per their relative importance. The priority weights are so given that the total sum is 1. These are listed in Table 3 .
Priority weights of each service are computed using above weights.
c) Now when priority weights of each alternate service are computed for both functional and non-functional properties, both of these are aggregated. The service with the highest priority weight is the optimal service for the consumer.
Experiments and Analysis
This section describes the system development environment, performed experiments and results.
System Development
This system is built on an Intel(R) Core(TM) i7-3770 CPU@3.40GHz processor, 64-bit operating system and 6 GB Memory. The User Interface is built in MATLAB R2015a (64-Bit). The service functionality is searched via a WSDL Parser which is developed using Eclipse 4.6.0 (Neon). SQL Server is used to store and manage all the information about services such as their description, nonfunctional properties and functional properties. Figure 3 shows the User Interface which takes the consumer inputs for the preferences for each property.
Experiments
To perform the experiments, real time data (Al-Masri, 2007) is used which comprises of 2307 services. It consists of QoS data for each service with nine QoS parameters: Response Time, Availability, Throughput, Successability, Reliability, Compliance, Best Practices, Latency and Documentation. These QoS parameters are used for the non-functional properties in the proposed model. For the functional properties, the number of overall functionalities is extracted from the WSDL files of the services using WSDL4j Parser and number of invocations of each service is generated randomly using Java code in Eclipse.
Results
The model is demonstrated for a service request for the required functionality forecastWeather along with preferences for different properties by the service consumer. 
WeatherStationService (2/7,1/3, 2/5) (2/3, 1, 2) (2/7,1/3, 2/5) (1, 1, 1) 
WeatherStationService (2/3, 1, 2) (2/3, 1, 2) (2/3, 1, 2) (1, 1, 1) 
WeatherStationService (2/3, 1, 2) (2/3, 1, 2) (2/3, 1, 2) (1, 1, 1) The normalized weight vectors of the above matrices are computed after applying FEAHP method steps mentioned in Section 4. The normalized weight vectors for the Table 16 .
The optimal service is the one with the highest priority weight in Table 16 . The service ndfdXML has the highest priority weight among all.
Sensitivity Analysis
Sensitivity analysis is performed for the proposed model to check the impact of fuzziness on the solution provided by the proposed model. The level of imprecision in the consumer's preferences for the non-functional properties is way more than for the functional properties. Therefore, the impact of this fuzziness in consumer's preferences on the optimal service selection is analyzed for nonfunctional properties. Table 17 contains the priority weights of alternate services for different priority weights of all the non-functional properties. It is shown from the priority weights for consumer's preferences of non-functional properties in Table 4 that Response Time is the most preferred non-functional property. Thus, this non-functional property is chosen to study the impact of fuzziness in consumer's preferences on the service selection. The fuzziness in the preferences for Response Time is varied at constant intervals. Consumer's preferences of other non-functional properties also vary such that their sum is 1 to maintain the consistency. Table 17 shows that service ndfdXML is selected even when fuzziness vary in the consumer's preferences. This shows that the proposed model has handled the fuzziness in the consumer's preferences efficiently.
To summarize, contribution of the paper are as follows.
a) Weighted Sum Method is used to prioritize alternate services as per their functional properties and on the basis of consumer's preferences. This would result in functional aware fuzzy ranking of alternate services for the consumer.
b) Fuzzy extended AHP method is used prioritize alternate services as per their non-functional properties and on the basis of consumer's preferences. This would result in nonfunctional aware fuzzy ranking of alternate services.
c) The fuzzy ranking of each alternate service based on functional as well as on non-functional properties is finally combined to select the optimal service which best suits the requirements of the consumer.
Conclusion
There are different services which provide same basic functionality but have different values for their functional and non-functional properties. When a service is requested by the service consumer, the preferences may be incomplete/vague/imprecise for these properties. Therefore with regards to these concerns, to select a service which is optimal for the consumer becomes difficult. The proposed model handled both the concerns in its service selection process. Modified Fuzzy Extended Analytic Hierarchy Process (FEAHP) and Weighted Sum Method (WSM) are used in the proposed model. Real time data of web services is used to demonstrate the model. A sensitivity analysis is done for determining the impact of fuzziness for the importance levels of the preferences on the service selection. The model is found to be effective to select the optimal service for the consumers preferences.
